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Abstract

Background: Type 1 diabetes mellitus (TIDM) is a polygenic disorder with the involvement of several genetic and
environmental risk factors. Mutation in genes namely ABCC8 and KCNJ11 disrupt the potentiality of KATP channel
and regulates the secretion of insulin by detecting a change in the blood glucose level and consequently maintains
glucose homeostasis. The present study was designed to investigate the association of ABCC8 and KCNJ11gene
polymorphisms with type 1 diabetes. A case-control study was conducted enrolling 60 cases suffering from T1DM
and 60 healthy controls of comparable age and sex. Gene variations were determined by PCR-RFLP and ARMS-PCR
method.

Results: The ABCC8-3C > T (rs1799854) variation was found to be significantly associated with T1DM (p<0.01) and
“CT” genotype was found to be predominant in T1DM with a threefold increased risk to diabetes and the
association was statistically significant. However, we did not find any significant association of C>T (rs1801261)
polymorphism of ABCC8 with T1DM. A significant association was observed for genetic variation at rs5219 C>T
polymorphism and the frequency of TT genotype was found to be significantly higher in patients (46.7%) than in
controls (21.7%), indicating the significant role of the KCNJ11 rs5219 variant in T1DM susceptibility (p<0.001), but we
did not observe any significant association of G>A (rs5215) polymorphism of KCNJ11 with T1DM. In addition,
haplotype analysis of the two genes revealed four haplotypes such as T-C-G-T, T-C-A-T, C-C-G-T, and T-T-G-T as risk
haplotypes for type 1 diabetes (p<0.02) potentially making individual effects of these variants on the disease
susceptibility, thereby indicating the synergistic role of these genes in the regulation of glucose homeostasis.

Conclusions: The present study highlights the importance of personalized medicine based on individual genetic
profile.
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Background
Type 1 diabetes mellitus (T1DM) is characterized by
auto immune destruction of pancreatic β cells leading to
insulin deficiency [1]. It is one of the most common
endocrine childhood diseases, usually presenting with
characteristic symptoms of thirst, polyuria, blurred

vision, and weight loss. In acute forms, ketoacidosis or a
non-ketotic hyperosmolar state may arise and leads to
stupors, coma, and death in the absence of effectual
treatment [2].
The Diabetes Atlas estimates that there are 128,500

children and adolescents with diabetes in India, and
International Diabetes Federation Atlas estimates that
India has the second largest incidence and prevalence of
children with type 1 diabetes worldwide [3]. A 30-year
study conducted in Brazil in Bauru population suggests
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that the annual incidence of type 1 diabetes increased to
4% in children with ≤14 years of age [4]. A recent study
conducted by Rosella et al. using a Diabetes Population
Risk Tool in Canada showed that South Asians are at
higher risk of developing diabetes [5]. Type 1 diabetes is
a polygenic disorder with the high prevalence in South
Asia compared to other developing countries.
Environmental factors, sedentary lifestyle, and genetic
susceptibility seem to be important, as a study suggests
that 30–70% of the diabetes risk is attributed due to gen-
etic variants [6].
The KCNJ11 and ABCC8 genes are located on the

chromosome 11p15.1 and encode two subunits in-
wardly rectifying potassium channel (Kir6.2) and sul-
fonylurea receptor 1 (SUR1) and together forms
KATP channel which is expressed in pancreatic ß-
cells and plays a crucial role in the glucose-induced
insulin secretion [7].
Structurally kir6.2 and SUR1 consists of four pore

forming subunits that surrounds the pore of the
KATP channel located at the plasma membrane of
pancreatic beta cells and the secretion of insulin is
initiated by closure of the channels and inhibited by
their opening [8]. Both Kir6.2 and SUR1 are required
for metabolic regulation of the channel: ATP closes
the channel by binding to Kir6.2, and magnesium nu-
cleotides (Mg-ADP and Mg-ATP) stimulate channel
activity by interacting with SUR1. Activating heterozy-
gous mutations in KCNJ11 and ABCC8 genes, encod-
ing the two subunits of the ATP-sensitive potassium
(KATP) channel, are the most common variants re-
ported in neonates of type 1 diabetes [9].
Several SNPs of the KCNJ11 gene have been identified

and among them, rs5219 polymorphism is most promin-
ent in the regulation of glycemia [10]. The mutations in
SUR1gene can cause various types of diabetes, such as
hyperinsulinemic hypoglycemia of infancy. A -3C >T
(rs1799854) and Thr759Thr (rs1801261) variants of the
ABCC8 gene have been widely studied in association
with type 2 diabetes and neonatal diabetes but no stud-
ies related to type 1 diabetes in Asian Indians with
greater insulin resistance and a strong genetic back-
ground are reported [11, 12]. Hence, the present study
was designed to investigate an association of KCNJ11
(rs5215 and rs5219) and ABCC8 (rs1799854 and
rs1801261) gene polymorphisms with type 1 diabetes of
Telangana cohort. The study could be of benefit to the
children in alternative modality treatments from insulin
injections to sulfonylurea drugs.

Methods
Ethical statement
The study was approved by the institutional ethics com-
mittee for conducting biomedical research. A written

consent was obtained from the patients prior to the
study and the objectives of the study were clearly
explained.

Study population
A total of 60 children (< 15 years of age) with type 1
diabetes and an equal number of healthy children
were included in the present study. The epidemio-
logical variables like age, gender, nativity, occupation,
life style habits, family history and clinical symptoms,
and history of viral infections in the last 2 years were
recorded with the help of structured questionnaire.
The cases and control subjects were recruited on the
basis of our inclusion and exclusion criteria. Clinically
diagnosed type 1 diabetes mellitus (T1DM) children
as defined by American Diabetes Association’s
(ADA’s) criteria and Indian Diabetic Association were
considered for the present study [13]. Patients with
significant symptoms of polyuria/polydipsia and on
regular treatment with human insulin therapy were
included in the study. Patients with type 2 diabetes,
renal disease, liver disease, thyroid disorders, or other
endocrine or chronic diseases were excluded from
study. The control subjects who were similar in age,
gender, and ethnicity matched healthy individuals
with no clinical or family history of DM in the first
and second degree relatives or clinical symptoms of
any other systemic diseases were included in the
study. For controls, fasting glucose (FPG) < 126 mg/
dl and glycated hemoglobin (HbA1c) < 6.0% criteria
were considered as healthy individuals.

Molecular analysis
Genomic DNA was extracted from whole blood ob-
tained from control and case group by salting out
method of Lahiri et al. [14]. KCNJ11 (rs5215 and rs5219)
(Figs. 1 and 2) and ABCC8 gene (rs1799854 and
rs1801261) (Figs. 3, 4, 5, and 6) polymorphism genotyp-
ing was performed by appropriate ARMS-PCR and PCR-
RFLP techniques (Table 1). PCR reaction was carried
out in 0.2-ml tubes with a final volume of 25 μl, each
containing 100 ng of genomic DNA, 50 picomoles re-
verse and forward primers, 200 μM of dNTPS, and 1×

Fig. 1 ARMS PCR products of KCNJ11 rs5215 C>T polymorphism
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PCR buffer. Primers used for amplification [10, 15] were
as described by Phani et al. and Venkatesan et al.

Statistical analysis
The demographic and clinical data were computed be-
tween controls and patients; allelic and genotypic fre-
quencies and Hardy-Weinberg equilibrium were
calculated by chi-square analysis. The association be-
tween genotypes and diabetes was evaluated by calculat-
ing the odds ratios (OR) at 95% confidence interval
using open EPI6 software (Open Epi Version 2.3.1, De-
partment of Epidemiology, Rollins School of Public
Health, Emory University, Atlanta, GA 30322, USA). A
two-tailed value of p < 0.05 was regarded as statistically
significant.

Results
In the present study, the mean age of controls and dia-
betic children at the time of sample collection was10 ±
1.6 years and 8.4 ± 3.6 years respectively. With respect
to gender, 43% of males and 56% of females were dia-
betic, while 46% males and 53% females were observed
in controls (Table 2). The numbers of individuals with
family history of T1DM were 23.3% while with past his-
tory of viral infections were 28.3% (Table 2).

ABCC8 -3C > T (rs1799854)
In the present study, the percentage distribution of CC,
CT, and TT genotypes of rs1799854 was 43.3, 26.7, and
30 in controls and 21.7, 50, and 28.3 in the cases re-
spectively. Table 3 represents the odds risk estimates of
the -3C > T polymorphism in diabetic children

compared to controls. The “CT” genotype was found to
be predominant with a threefold increased risk to dia-
betes and the association was statistically significant (OR
3.75, 95% CI 1.52–9.23, p < 0.012). Indeed, the associ-
ation was further tested in various combinations/models
to authenticate the statistical significance, which also
strengthened the “CT” genotypic association with dia-
betes (OR 2.75, 95% CI 1.28–5.90, p < 0.008). Further,
when allele frequencies were compared, the frequency of
recessive allele “T” was not found to be significantly as-
sociated with type 1 diabetic patients (OR 1.492, 95% CI
0.8964–2.492, p =0.15) (Figs. 1 and 2).

ABCC8 C>T (rs 1801261)
The percentage distribution of CC, CT, and TT geno-
types was 36.7, 38.3, and 25 in controls and 40, 26.7, and
33.3 in the cases respectively. Table 4 results indicate
that the rs 1801261 (C>T) ABCC8 variant was similar in
distribution in both cases and controls [recessive (OR
1.50, 95% CI 0.68–3.32, p =0.31) and dominant models
(OR 0.87, 95% CI 0.42–1.81, p =0.71)]. Further, when al-
lele frequencies were compared, the frequency of reces-
sive allele “T” was similar in distribution in both T1DM
and control groups (OR 1.106, 95% CI 0.663–1.843, p =
0.79). Odds test analysis also revealed no significant as-
sociation between ABCC8 C>T (rs 1801261) polymorph-
ism and diabetic children.

Fig. 2 ARMS PCR products of KCNJ11 rs5219 C>T polymorphism

Fig. 3 PCR products of ABCC8 C>T polymorphism. Lanes 1–8
represent PCR product of 248bp. Lane 9 represents 100-bp ladder

Fig. 4 RFLP products of ABCC8 C > T polymorphism digested using
PstI enzyme. The genotypes were identified as follows: Homozygous
(CC) = 248bp fragment; heterozygous (CT) = 248bp + 188bp
fragments; homozygous (TT) = 188bp fragments

Fig. 5 PCR products of ABCC8 C>T polymorphism. Lanes 1–7
represent PCR product of 248bp. Lane 8 represents 100-bp ladder
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KCNJ11 G>a (rs 5215)
The percentage distribution of GG, GA, and AA geno-
types was 63.3, 20, and 16.7 in controls and 55, 18.3, and
26.7 in the cases respectively. No significant association
was detected under recessive (OR 1.82, 95% CI 0.75–
4.42, p =0.18), dominant (OR 1.41, 95% CI 0.68–2.94, p
=0.35), and over dominant genetic models (OR 0.90,
95% CI 0.36–2.23, p =0.82). Further, when allele fre-
quencies were compared, the frequency of recessive al-
lele “A” was also found to be not significantly associated
with type 1 diabetics (OR 1.533, 95% CI 0.8838–2.675, p
=0.16). Odds test analysis revealed no significant associ-
ation between KCNJ11 G>A (rs 5215) polymorphism
and diabetic children (Table 5).

KCNJ11 C>T (rs 5219)
The present study suggests a significant association be-
tween rs5219 C>T polymorphism and patients with dia-
betes. The frequency of TT genotype was found to be
significantly higher in patients (46.7%) than in controls
(21.7%). In both co-dominant model CC vs TT [odds

ratio = 4.59, 95%; CI= (1.87, 11.29); p < 0.001] and reces-
sive model TT vs CC+CT [odds ratio = 3.16, 95% confi-
dence interval (1.43, 7.02); p < 0.003] (Table 6), a
significant difference was observed. Further, the allele
frequencies when compared, a strong association was
found with recessive allele “T” in diabetic patients [odds
ratio = 2.978, 95% confidence interval (1.764, 5.076); p <
0.006] compared to controls (Table 6). The HWE ana-
lysis showed no deviation either in case or in controls in
both the SNPs in the present study which could be due
to the small sample size

Haplotype analysis
In the present study, sixteen haplotypes based on the
four polymorphisms were constructed and analyzed for
the possible association with diabetes by using SNP stat
program (https://www.snpstats.net/start.htm, Table 7).
The T-C-G-T haplotype was found to be significantly as-
sociated with 3.98-fold risk (95% CI 1.02–15.57, p <
0.05), T-C-A-T haplotype with 9.65 fold risk (95% CI
0.88–106.14, p < 0.06), C-C-G-T haplotype with 4.48

Table 1 Sequences of primers and digestion fragment lengths used for ABCC8 and KCNJ11 genotyping

S.No ABCC8 gene Primers Restriction
enzyme

Genotype (characterized by fragments in
bp)

1. -3C > T
(rs1799854)

F: 5′-GAG CCA GAG GAG GAT GTT GA3′
R: 5′GGC TAG AAG GAG CGA GGA CT3′

PstI CC—248bp
CT—248,188 bp
TT—188 bp

2. C >T (rs1801261) F-5′TAA AGG CAT GCT CAT GTT GG3′
R-5′AAT GTT CCC AGG ACG CAG TA3′

BsiE1 CC—122bp
CT—122, 158 bp
TT—158 bp

KCNJ11 gene Allele specific Primers sequences

1. G >A (rs5215) F- TCCAAGTTTGGCAACACCG
R - TCCAAGTTTGGCAACACCA
Antisense-CTCAGGACAGGGAATCTGGA

Product size: 184 bp

2. C >T (rs5219) FOP- ATGAGCCACCAGGCCATGGCGAAGAG
ROP- AGTGAGGCCCTAGGCCACGTCCGAGG
FIP-(C:Allele)- CTGGCGGGCACGGTACCTGGGATC
RIP-(T:Allele)- GACACGCCTGGCAGAGGACCCTGA
CA

Product size: 349 bp
C allele: 162 bp
T allele: 237 bp

Fig. 6 RFLP products of ABCC8 C > T polymorphism digested using BsiE1enzyme. The genotypes were identified as follows: homozygous (CC) =
122 bp fragment; heterozygous (CT) = 122 bp + 158 bp fragments; homozygous (TT) = 158 bp fragment
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fold risk (95% CI 0.98–20.56, p < 0.05), and T-T-G-T
haplotype with 6.70 fold risk (95% CI 1.04–43.02, p <
0.04) in diabetes compared to controls. Further the
global haplotype association test was performed and
confirmed that the T-C-G-T, T-C-A-T, C-C-G-T, and
T-T-G-T are the risk haplotypes for diabetes (p<0.02)
with respect to ABCC8 and KCNJ11 gene
polymorphisms.

Linkage disequilibrium
Linkage disequilibrium analysis (LD), defined by the
delta coefficient (D′), was determined in TID and
controls for four SNPs, ABCC8-3C > T (rs1799854),
ABCC8 C>T (rs 1801261), KCNJ11 G>A (rs 5215),

Table 2 Demographic and clinical characteristics of diabetic
children and controls

Variables Patients (n=60) % Controls (n=60) % p value

Mean age 8.4 ± 3.6 10 ± 1.6 -

Gender

Male 26 (43.3%) 28 (46.6%)

Female 34 (56.6%) 32 (53.3%) 0.8

Consanguinity

Present 12 (20%) 18 (30%)

Absent 48 (80%) 42 (70%) 0.2

Family history

Present 14 (23.3%) 0 (0%)

Absent 46 (76.6%) 60 (100%) <0.02*

Past history of viral infections

Present 17 (28.3%) 0 (0%)

Absent 43 (71.6%) 60 (100%) <0.01*

p values calculated using chi-square analysis
*p<0.05 significant

Table 3 Distribution of ABCC8 (rs1799854) genotype and allelic
frequencies in diabetic children compared to controls

Inheritance model Genotype Diabetes
n=60
n (%)

Controls
n=60
n (%)

p value

Co dominant C/C 13 (21.7%) 26 (43.3%) <0.012*
0.274

C/T 30 (50%) 16 (26.7%)

T/T 17 (28.3%) 18 (30%)

Dominant C/C 13 (21.7%) 26 (43.3%) <0.011*

C/T-T/T 47 (78.3%) 34 (56.7%)

Recessive C/C-C/T 43 (71.7%) 42 (70%) 0.84

T/T 17 (28.3%) 18 (30%)

Over dominant C/C-T/T 30 (50%) 44 (73.3%) <0.008*

C/T 30 (50%) 16 (26.7%)

Allele frequencies C 56(46.4%) 68(56.6%)

T 64(53.3%) 52(43.3%) 0.15

CI Confidence interval, OR Odds ratio. p < 0.05

Table 4 Distribution of ABCC8 (rs 1801261) genotype and allelic
frequencies in diabetic children compared to controls

Inheritance
model

Genotype Diabetes
n=60
n (%)

Controls
n=60
n (%)

OR
(95% CI)

p value

Co
dominant

C/C 24 (40%) 22
(36.7%)

1.00 0.36
0.82

C/T 16
(26.7%)

23
(38.3%)

0.64
(0.27–1.51)

T/T 20
(33.3%)

15 (25%) 1.22
(0.50–2.96)

Dominant C/C 24 (40%) 22
(36.7%)

1.00 0.71

C/T-T/T 36 (60%) 38
(63.3%)

0.87
(0.42–1.81)

Recessive C/C-C/T 40
(66.7%)

45 (75%) 1.00 0.31

T/T 20
(33.3%)

15 (25%) 1.50
(0.68–3.32)

Over
dominant

C/C-T/T 44
(73.3%)

37
(61.7%)

1.00 0.17

C/T 16
(26.7%)

23
(38.3%)

0.58
(0.27–1.27)

Allele
frequencies

C 64
(53.3%)

67
(55.8%)

T 56
(46.6%)

53
(44.1%)

1.106
(0.663–1.843)

0.79

CI Confidence interval, OR Odds ratio. p < 0.05

Table 5 Distribution of KCNJ11 (rs 5215) genotype and allelic
frequencies in diabetic children compared to controls
Inheritance
model

Genotype Diabetes
n=60
n (%)

Controls
n=60
n (%)

OR (95% CI) p value

Co
dominant

G/G 33 (55%) 38 (63.3%) 1.00

G/A 11 (18.3%) 12 (20%) 1.06
(0.41–2.71)

0.41

A/A 16 (26.7%) 10 (16.7%) 1.84
(0.74–4.61)

0.27

Dominant G/G 33 (55%) 38 (63.3%) 1.00 0.35

G/A-A/A 27 (45%) 22 (36.7%) 1.41
(0.68–2.94)

Recessive G/G-G/A 44 (73.3%) 50 (83.3%) 1.00 0.18

A/A 16 (26.7%) 10 (16.7%) 1.82
(0.75–4.42)

Over
dominant

G/G-A/A 49 (81.7%) 48 (80%) 1.00 0.82

G/A 11 (18.3%) 12 (20%) 0.90
(0.36–2.23)

Allele
frequencies

G 77 (64.1%) 88 (73.3%) 0.16

A 43 (35.8) 32 (26.6%) 1.533
(0.8838–2.675)

CI confidence interval, OR odds ratio. p < 0.05
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and KCNJ11 C>T (rs 5219). D′ < 0:2 indicate no
linkage disequilibrium between two loci, D′ > 0: 5 in-
dicate a weak linkage disequilibrium, D′ 0:8 indicate
a linkage imbalance between the loci, and D′ =1 sig-
nifies complete linkage disequilibrium. In the present
study, pair-wise linkage disequilibrium (LD) for 4 sin-
gle nucleotide polymorphisms was assessed in con-
trols and T1DM. The analysis has generated 6 marker
combinations out of 4 SNPs. Most of the SNP marker
combinations exhibited low LD scores with a D′ 0.20
and r2 0.022 (Tables 8 and 9). Thus, these observa-
tions indicate absence of linkage disequilibrium

between the four SNP polymorphisms in patients and
control groups (Fig. 7).

Discussion
T1DM is a chronic disease in children caused by in-
sufficient insulin production because of the auto-
immune destruction of pancreatic islet beta cells (β
cells), and as a result, the glucose levels in the blood
cannot be maintained at normal concentrations [16].
The higher prevalence of type 1 diabetes was identi-
fied in relatives which implies a genetic risk and de-
gree of genetic identity. Roughly 50 additional genes

Table 6 Distribution of KCNJ11 (rs 5219) genotype and allelic frequencies in diabetic children compared to controls

Inheritance model Genotype Diabetes n=60
n (%)

Controls n=60
n (%)

OR (95% CI) p value

Co dominant C/C 15 (25%) 32 (53.3%) 1.00

C/T 17 (28.3%) 15 (25%) 2.42 (0.96–6.11) <0.002*

T/T 28 (46.7%) 13 (21.7%) 4.59 (1.87–11.29) <0.001*

Dominant C/C 15 (25%) 32 (53.3%) 1.00

C/T-T/T 45 (75%) 28 (46.7%) 3.43 (1.58–7.43) <0.001*

Recessive C/C-C/T 32 (53.3%) 47 (78.3%) 1.00

T/T 28 (46.7%) 13 (21.7%) 3.16 (1.43–7.02) <0.003*

Over dominant C/C-T/T 43 (71.7%) 45 (75%) 1.00

C/T 17 (28.3%) 15 (25%) 1.19 (0.53–2.67) 0.68

Allele frequencies C 47 (39.1%) 79 (65.8%)

T 73 (60.8%) 41 (34.1%) 2.978 (1.764–5.076) <0.006*

CI confidence interval, OR odds ratio. p < 0.05

Table 7 Haplotype frequency distribution among diabetic children and controls

S.No ABCC8 (rs1799854) ABCC8 (rs1801261) KCNJ11 (rs5215) KCNJ11 (rs5219) Freq OR (95% CI) p value

1 C C G C 0.1358 1.00 ---

2 T C G T 0.1151 3.98 (1.02–15.57) <0.05*

3 C T G C 0.0919 2.15 (0.44–10.45) 0.34

4 T T G C 0.091 3.23 (0.77–13.50) 0.11

5 T C G C 0.0694 1.02 (0.16–6.37) 0.98

6 C C G T 0.0688 9.65 (0.88–106.14) <0.067*

7 T T G T 0.0593 4.48 (0.98–20.56) <0.056*

8 C T G T 0.0563 3.32 (0.76–14.63) 0.12

9 C T A T 0.0513 3.02 (0.70–12.98) 0.14

10 T C A T 0.0501 6.70 (1.04–43.02) <0.048*

11 C T A C 0.0442 1.09 (0.18–5.37) 1

12 T C A C 0.0384 2.41 (0.49–11.82) 0.28

13 T T A T 0.0372 3.48 (0.52–23.49) 0.2

14 C C A T 0.0369 6.19 (0.64–59.45) 0.12

15 C C A C 0.0314 3.92 (0.12–128.03) 0.44

16 T T A C 0.0229 5.98 (1.52–23.49) 0.36

Global haplotype association p value 0.021; (https://www.snpstats.net/start.htm)
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contribute individually to smaller effects (INS, IPF1,
GLIS3, HNF1B, RFX6, FOXP3, EIF2AK3, SLC19A1,
NEUROD1, and PTF1ATP) in the etiology of T1DM.
These will include gene variants that regulate immune
tolerance and immuneregulation. Some variants influ-
ence and modify viral responses to functions of endo-
crine and environmental signals as well as expressed
in some of the β-cells of the pancreas (Fig. 8).The
SUR-1 and Kir 6.2 proteins of ABCC8 and KCNJ11
genes play a crucial role in the function of the KATP
channel and the mutations in this gene can disrupt
their activity and lead to type 1 DM. It is apparent
from the literature that several variants of the ABCC8
and KCNJ11genes are associated with different types
of DM. Heterozygous mutations in either Kir6.2 or
SUR1 lower KATP channel activity and result in fa-
milial persistent hyperinsulinemia that presents as
hypoglycemia of infancy, a rare genetic disorder [17].
This brings into the question that which of those
ABCC8 and KCNJ11gene polymorphisms and their
composites play an important role in the development
of T1DM.
The KCNJ11 gene affects the insulin secretion path-

way by lowering the channel activity recognized in fa-
milial hyperinsulinemia hypoglycemia T2DM.
According to the findings by Hamming et al. [18], the
rs5219 variant display decreased ATP inhibition,
which may contribute to the observed increased risk
for T2DM. According to Qiu et al., a systematic
meta-analysis was performed for rs5219 variant and
T2DM in different genetic models which revealed a
strong relationship between the rs5219 polymorphism

and susceptibility to T2DM risk with a per-allele odds
ratio (OR) of 1.12 (95% CI 1.09–1.16; P<10−5) and by
ethnicity, notably increased risks were found for the
polymorphism in Caucasians and East Asians [19].
Several studies have been carried out to evaluate

the effects on the risk of T1DM (Cejková et al.; Qu
et al.; Raj et al.; Ko et al.), and none of them has ob-
served association in Caucasians and Asians. However,
these results may vary depending upon the ethnicity
of the study population. The genotype frequency for
rs5219 reported in the present study was higher
(47%) for recessive allele than the rate reported for
Euro-Brazilian [(14%) Souza et al., 2017], Korean [(26
%) Ko et al., 2012], and Czech [(25%) Cejková et al.,
2007] populations [20, 21]. In the present study, the
significant role of the KCNJ11 rs5219 variant in TID
susceptibility was observed. In another study, the
rs5215 polymorphism was associated with blood pres-
sure among subjects with T2DM [22] whereas the
remaining studies showed no association with T2DM,
T1DMM, or GDM [23, 24]. However, the present
study did not reveal any such significant association
with the rs5215 variant of KCNJ11 with T1DMM.
The Kir 6.2 Protein of KCNJ11gene has a significant

function in insulin secretion, consequently making it a
possible susceptibility gene for T2DM. The rs5219 vari-
ant of KCNJ11 has been largely described to be associ-
ated with T2DM in diverse ethnic populations [25].
However, the study conducted in the Korean population
suggests no association of the rs5219 variant polymorph-
ism with T1DM. Since the mutations in the KCNJ11
gene are responsible for permanent neonatal diabetes
mellitus [26], a study carried out by Lo in the Taiwan
population found heterozygous missense mutation in the
KCNJ11 gene to be significantly associated [27]. Further-
more, the present study represents a similar observation
of the significant association of KCNJ11 (rs5219) gene
polymorphism. Most of the KCNJ11-related neonatal
diabetes patients experience an improvement with oral
SU treatment, which regulates the KATP channel [27].
According to Thurber et al., the initiation of SU treat-

ment at a juvenile age is associated with improved re-
sponse to SU therapy. Decreased responsiveness to SU
could be due to the loss of β-cell mass over time in
those treated with insulin. Consequently, initial genetic
diagnosis and significant treatment are pivotal in neo-
nates and T1DM [28]. Extensive studies have been
shown that the non-synonymous polymorphism rs5219
(Lys23Glu) is more recurrent in T2DM [29]. In vitro ex-
periments in human pancreatic islets exhibited depletion
in response to SUF in presence of the non-synonymous
polymorphism 23Lys, which has been confirmed in stud-
ies performed on T2DM patients of Chinese ethnicities
undergoing SUF therapy [30].

Table 8 Pairwise linkage disequilibrium among 4 SNPs studied
in controls

L1 L2 D′ r2

1 2 0.182 0.02

1 3 0.196 0.011

1 4 0.178 0.022

2 3 0.193 0.017

2 4 0.061 0.002

3 4 0.157 0.017

Table 9 Pairwise linkage disequilibrium among 4 SNPs studied
in diabetic children

L1 L2 D′ r2

1 2 0.035 0.001

1 3 0.068 0.002

1 4 0.003 0.0

2 3 0.021 0.0

2 4 0.082 0.005

3 4 0.098 0.003
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The SUR-1 protein of the ABCC8 gene accounts for
the common genetic etiology of permanent and transient
DM. In recent times, ABCC8 has been conceding as
MODY12 subtype with a rising in the number of rela-
tives being affected [31–33].The -3C >T (rs1799854)
polymorphism and Thr759Thr (rs 1801261) were found
to be associated with type 2 diabetes in Caucasians, Da-
nish, and French Caucasian diabetic individuals [12].
Additionally, in the ABCC8 gene, three variants were
studied within the Japanese population, and out of the
three variants, only exon16 -3C > T was most signifi-
cantly related to type 2 diabetes [34]. In the study by
Venkatesan et al., no such association of both the gen-
etic variants (rs1799854 and rs1801261) was reported
with T2DM respectively.
In terms of pharmacogenetics, certain studies have

found that the TT genotype of the ABCC8 gene may be
associated with an increase in HBA1C and triglyceride
levels in SU-treated diabetics, and according to Zychma
et al., the rs1799854 variant was most significantly linked
with β-cell dysfunction, further tested with sulfonylurea

[35]. In the present study, a significant association of
rs1799854 variant in type 1 diabetic children was re-
ported and the difference in the allelic and genotypic fre-
quencies was observed in most reported cases, which
designate a substantial stipulation to assess their impli-
cations in diabetes progression and drug response. The
ABCC8 rs1801261 polymorphism was associated with
the risk of T2DM in Canadian and Danish population
[36]. In contrast, two preceding studies comprising
North Indian and Finnish populations have put forth
that the ABCC8 rs1801261 gene is not associated with a
risk to T2DM [37]. However, no significant association
of rs1801261 variant with type 1 diabetic children was
reported in our study.
In neonates, inactivating mutations in genes encoding

Kir6.2 (KCNJ11) and SUR1 (ABCC8) are accountable for
T2DM while activating mutations given on to
hypoglycemia [27]. Some studies have reported that dia-
betic patients having KCNJ11 gene variants respond bet-
ter to pharmacotherapy with SUs as compared to insulin
[38]. In one study, the genetic variants of ABCC8 were

Fig. 7 Linkage disequilibrium plot. No linkage disequilibrium was observed between the 4 SNP polymorphisms in T1DM

Fig. 8 Graphical representation of genes involved in glucose homeostasis
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disclosed for a significant reduction in HBA1C concen-
tration [39]. The rs1799854 (-3G >T) often combined
with the closely linked non-synonymous variant
rs1801261 (Thr759Thr) was associated with reduced in-
sulin secretion after tolbutamide infusion in non-
diabetic relatives of T2DM patients [40]. T2DM patients
on SUF treatment carrying the rs1799854G/G genotype
exhibited significantly lower HBA1C levels compared
with the patients with T/T genotype and improved insu-
lin sensitivity determined by HOMA index in response
to repaglinide [41, 42].
Several studies of European and other Western popu-

lations have revealed an association of KNCJ11 and
ABCC8 gene polymorphisms with Neonatal Diabetes
[43]. Stanik et al. confirmed an association of the two
gene polymorphisms (KCNJ11 and ABCC8) in neonatal
diabetes in the Slovakian population and have success-
fully switched from insulin to SU which leads to a de-
crease of HBA1C from 9.3 to 11.0% on insulin to 5.7 to
6.6% on SU treatment [44]. Flanagan et al. established
that of all the patients tested, KATP channel mutations
(ABCC8 gene mutations) accounted to 89%, and thus,
ABCC8 can be one of the casual gene implicated in
TNDM and sequel in a distinct clinical subtype that
comprise biphasic diabetes and specifically can be
treated with sulfonylureas [45]. According to Ellard
et al., fifty-nine patients with PNDM were studied and
16 patients were identified with ABCC8 gene variants
with a recessive mode of inheritance observed in 8 pa-
tients. Functional studies showed a reduced response to
ATP consistent with an activating mutation that results
in reduced insulin secretion [46].
In the present study, to elucidate the contribution of

genetic variants in the KCNJ11-ABCC8 gene region to
T1DM susceptibility in the South Indian population,
haplotype analysis was performed and revealed several
different risk haplotypes. Multiple risk alleles for the
SUR1 gene exist in distinct Caucasian populations and
suggested that some ABCC8 haplotypes represented a
higher diabetes risk than others [47]. The exon 16-3C/
exon 18T allele of the ABCC8 variant was increased in
the diabetic group in most Caucasian studies whereas
the exon 16-T/exon 18C haplotype was elevated in two
studies in Denmark and Netherlands with a similar asso-
ciation in the present study. Furthermore, when the
haplotype association test was performed in both
KCNJ11-ABCC8 gene region four at-risk haplotypes (T-
C-G-T, C-C-G-T, T-T-G-T, and T-C-A-T) in the
present study revealed significance in T1DM patients.
The haplotype combination of T-T-G-T consisted of the
recessive allele combination of ABCC8 (exon16-3T/
exon18T) gene and wild type, recessive allele combin-
ation of KCNJ11 (rs5215 and rs5219) gene with 6.70 fold
risk (95% CI 1.04–43.02, p < 0.04) in diabetes compared

to controls. Although rs1801261 of the ABCC8 gene and
rs5215 of the KCNJ11 gene were not significantly associ-
ated with the disease, the haplotype analysis showed the
synergistic action of these variants in disease
susceptibility.
Thus, the regulation of insulin release is mediated by

KCNJ11 in association with distinct genes such as
ABCC8, ABCC9, and CACNA1A-G. Nonetheless, the ac-
curate functional relationship of these genes in the regu-
lation of insulin release remains to be adjudged.
Upcoming studies are propounded to discover the exact
role of KCNJ11 and ABCC8 gene variants and their rela-
tion with further genes in T1DM for the potential devel-
opment of suitable therapeutic strategies.

Conclusions
In conclusion, the present study revealed a significantly
increases frequency of KCNJ11 rs5219 (C > T) and
ABCC8 rs1799854 (C > T) among type 1 diabetic chil-
dren. As sulfonylureas drugs stimulates insulin secretion
by closing KATP channels in pancreatic β cells, muta-
tions in KCNJ11 and ABCC8 often respond to sulfonyl-
ureas, allowing transition from insulin therapy. Thus,
the present study highlights the importance of personal-
ized medicine based on individual genetic profile which
would accurately predict which individuals with a spe-
cific medical condition would respond to a specific med-
ical therapy. However, more number of studies needs to
be employed for the accurate diagnostic and treatment
strategies.
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